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SUMMARY 

T e s t s  were conducted i n  the  NASA Lewis Research C e n t e r ' s  Powered L i f t  
F a c i l i t y  t o  e x p e r i m e n t a l l y  e v a l u a t e  t h e  n o i s e  genera ted  by a f l i g h t  we igh t ,  
12 i n .  b u t t e r f l y  v a l v e  i n s t a l l e d  i n  a proposed v e r t i c a l  t a k e o f f  and l a n d i n g  
t h r u s t  v e c t o r i n g  sys tem.  F l u c t u a t i n g  p r e s s u r e  measurements were made i n  t h e  
c i r c u l a r  d u c t  upstream and downstream o f  t h e  v a l v e .  
t h e  r e s u l t s  o f  these t e s t s .  The maximum o v e r a l l  sound p r e s s u r e  l e v e l  i s  gener-  
a t e d  i n  t h e  d u c t  downstream o f  t h e  v a l v e  and reached a v a l u e  o f  180 dB a t  a 
v a l v e  p r e s s u r e  r a t i o  o f  2.8.  
downstream o f  t h e  v a l v e  i s  broad  banded w i t h  i t s  maximum a t  1000 H t .  

T h i s  d a t a  r e p o r t  p r e s e n t s  

A t  t h e  h i g h e r  v a l v e  p r e s s u r e  r a t i o s  t h e  s p e c t r a  

INTRODUCTION 

Noise genera ted  i n  m i l i t a r y  a i r c r a f t  can be a ma jo r  problem i f  i t  i n t e r -  

F a t i g u e ,  due t o  e x c e s s i v e  n o i s e  can a l s o  be a p rob lem d u r i n g  l o n g  dura- 
Noise p r o t e c t i o n  o f f e r e d  by a c o u s t i c a l l y  t r e a t e d  helmets appear 

f e r e s  w i t h  r a d i o  communicat ion w i t h  t h e  p i l o t  or c r e a t e s  a permanent h e a r i n g  
loss. 
t i o n  f l i g h t s .  
to be r e a c h i n g  a l i m i t .  V e r t i c a l  t a k e o f f  and l a n d i n g  a i r c r a f t  have h i g h  e x t e r -  
n a l  n o i s e  l e v e l s  d u r i n g  h o v e r i n g  f l i g h t .  I n  t h i s  mode t h e  t h r u s t  i s  v e c t o r e d  
by t h r o t t l i n g  t h e  flow between v e r t i c a l  and h o r i z o n t a l  n o z z l e s .  The v a l v e s  
used t o  t h r o t t l e  t h e  flow genera te  a d d i t i o n a l  n o i s e  i n s l d e  t h e  a i r c r a f t  t h a t  
may be t r a n s m i t t e d  t o  the  c o c k p i t  t h u s  a c t i n g  as a n o i s e  source t h a t  d i r e c t l y  
a f f e c t s  t h e  p i  l o t .  

T e s t s  were conducted i n  t h e  NASA Lewis Research C e n t e r ' s  Powered L i f t  
F a c i l i t y  to  e x p e r i m e n t a l l y  e v a l u a t e  t h e  n o i s e  genera ted  by a f l i g h t  w e i g h t ,  
12 i n . ,  b u t t e r f l y  v a l v e  i n s t a l l e d  i n  a proposed v e r t i c a l  t a k e o f f  and l a n d i n g  
t h r u s t  v e c t o r i n g  system. F l u c t u a t i n g  p r e s s u r e  measurements were made i n  t h e  
c i r c u l a r  d u c t  upstream and downstream of t h e  v a l v e .  
t h e  r e s u l t s  o f  these t e s t s .  

T h i s  d a t a  r e p o r t  p r e s e n t s  

APPARATUS 

An a e r i a l  photograph of  t h e  Powered L i f t  F a c i l i t y  (PLF) i s  shown i n  f i g -  

Air i s  p r o v i d e d  by t h e  NASA Lewls Research Cen- 
u r e  1.  
d u r i n g  t h e  v a l v e  n o i s e  t e s t s .  
t e r ' s  C e n t r a l  a i r  h a n d l i n g  f a c i l i t y  t h r o u g h  an underground p i p i n g  sys tem t o  a 
p o i n t  shown a t  t h e  upper r i g h t  c o r n e r  o f  t h e  schematic shown i n  f i g u r e  2 .  A 

The t e s t  s tand has t h r u s t  measurement c a p a b i l i t y  t h a t  was n o t  used 



p o s i t i v e  shu t  o f f  g a t e  v a l v e  i s  l o c a t e d  j u s t  above t h e  ground and i s  used t o  
i s o l a t e  t h e  r i g  from t h e  c e n t r a l  supp ly  system when t h e  r i g  i s  n o t  i n  opera-  
t i o n .  When PLF i s  o p e r a t i n g  t h i s  ga te  v a l v e  i s  c o m p l e t e l y  open and i s  n o t  
expected t o  genera te  s i g n i f i c a n t  n o i s e  l e v e l s .  F o l l o w i n g  t h e  ga te  v a l v e ,  t h e  
f low passes t h r o u g h  two 90" elbows and then  t h r o u g h  a v e n t u r i  used t o  measure 
t h e  mass flow r a t e  th rough  t h e  f a c i l i t y .  Downstream o f  t h e  v e n t u r i ,  t h e  flow 
encounters  t h e  f irst f low c o n t r o l  v a l v e .  Downstream o f  t h i s  v a l v e ,  a t e e  
a l l o w s  t h e  f low t o  be s p l i t  between two p i p e s .  The s m a l l e r  p i p e  l eads  t o  an 
i n  l i n e  557 combustor can, used t o  hea t  t h e  a i r  s u p p l i e d  t o  t h e  t e s t  hardware. 
Downstream o f  t h e  t e e ,  a 90" elbow i s  i n s t a l l e d  i n  t h e  s m a l l e r  p i p e  a l l o w i n g  
t h e  p i p e  t o  be r u n  p a r a l l e l  t o  t h e  l a r g e  p i p e .  B u t t e r f l y  v a l v e s  a r e  i n s t a l l e d  
i n  b o t h  t h e  l a r g e  and smal l  p i p e s  t o  a l l o w  t h e  f l o w  th rough  each o f  t h e  p i p e s  
to  be i n d e p e n d e n t l y  c o n t r o l l e d .  Downstream o f  t h e  b u r n e r ,  t h e  bypass f low 
passes t h r o u g h  a 90" elbow and r e j o i n s  t h e  f low i n  t h e  l a r g e r  p i p e .  
bu rne r  was n o t  used for these c o l d  flow t e s t s .  

The 

The merged flow passes t h r o u g h  two 90" elbows and t h e n  t o  a t e e  l o c a t e d  
a t  t h e  t e s t  s tand.  A t  t h e  t e e ,  t h e  f low i s  s p l i t  as shown i n  f i g u r e  2. Each 
h a l f  passes th rough  two 90" elbows and then  t h r o u g h  b e l l o w s  t o  ano the r  t e e  
where t h e  f low e n t e r s  t h e  f l o a t i n g  p o r t i o n  o f  t h e  t e s t  s tand  t h r o u g h  a s i n g l e  
p i p e .  
l e a d i n g  to  t h e  f l o a t i n g  p o r t i o n  o f  t h e  t e s t  r i g  t o  accommodate t h e  t h r u s t  meas- 
urement. A flow s t r a i g h t e n e r  i s  i n s t a l l e d  i n  t h e  s t r a i g h t  p i p e  downstream o f  
t h e  t e e .  No a c o u s t i c  m u f f l e r s  or noise suppress ion  dev i ces  were i n s t a l l e d  i n  
t h e  p i p i n g  to  suppress t h e  i n t e r n a l l y  genera ted  n o i s e  d u r i n g  these  t e s t s .  

The b e l l o w s  w e r e  i n s t a l l e d  t o  i s o l a t e  t h e  t e s t  hardware from t h e  p i p i n g  

The t e s t  hardware i s  shown p i c t o r i a l l y  i n  f i g u r e  3. The t e s t  hardware i s  
connected to  t h e  f a c i l i t y  p i p i n g  i m m e d i a t e l y  downstream o f  t h e  l a s t  f a c i l i t y  
p i p e  t e e .  A schemat ic  of t h e  t e s t  hardware i s  shown i n  f i g u r e  4 .  The t e s t  
hardware c o n s i s t  o f  a p i p e  l e a d i n g  t o  a plenum chamber. A p e r f o r a t e d  p i p e  i s  
i n s e r t e d  i n s i d e  t h e  plenum chamber as shown i n  f i g u r e  4 t o  h e l p  d i s t r i b u t e  t h e  
f low i n  t h e  plenum and to f a c i l i t a t e  i t s  e n t r y  i n t o  t h e  p i p e  l e a d i n g  t o  t h e  
12 i n .  b u t t e r f l y  v a l v e .  T h i s  v a l v e  i s  used to  t h r o t t l e  t h e  flow t o  t h e  v e r t i -  
c a l  t h r u s t  n o z z l e s .  For these t e s t s  t h e  p i p e  l e a d i n g  t o  t h e  h o r i z o n t a l  t h r u s t  
n o z z l e  i s  b lanked  o f f .  I n  t h e  a c t u a l  f l i g h t  v e r s i o n  ano the r  v a l v e  would e x i s t  
i n  t h a t  p i p e  and would, i n  c o n j u n c t i o n  w i t h  t h e  t e s t  v a l v e ,  p r o v i d e  t h e  mechan- 
i s m  for  s p l i t t i n g  t h e  f low between t h e  v e r t i c a l  and h o r i z o n t a l  n o z z l e s  f o r  
t h r u s t  v e c t o r i n g  purposes.  The p i p e  w a l l  t h i c k n e s s  was one-e igh th  i n c h  and 
t h e r e f o r e  can be expec ted  to  t r a n s m i t  a l a r g e  p a r t  o f  t h e  p r e s s u r e  d i s t u r b a n c e s  
i n  t h e  p i p e  t o  i t s  su r round ings .  

INSTRUMENTATION 

Aerodynamic 

Aerodynamics i n s t r u m e n t a t i o n  p r o v i d e d  f o r  measurement o f  t h e  a i r  mass 
f low r a t e  u s i n g  a v e n t u r i  i n s t a l l e d  i n  t h e  main s u p p l y  p i p e  ups t ream o f  t h e  
b u r n e r  bypass p i p e  t e e .  
upstream of t h e  t e s t  hardware. B a r o m e t r i c  p r e s s u r e  was reco rded .  A1  1 aerody- 
namic measurements were  reco rded  u s i n g  a c e n t r a l  d a t a  p r o c e s s i n g  system. 

A i r  t o t a l  t empera tu re  and p r e s s u r e  w e r e  measured 
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Acous t i c 

The a c o u s t i c  i n s t r u m e n t a t i o n  c o n s i s t e d  of f o u r  i n t e r n a l  p i p e  f l u c t u a t i n g  
p ressu res  p i c k u p s .  The p r e s s u r e  t ransducers  used t o  measure t h e  f l u c t u a t i n g  
w a l l  s t a t i c  p ressu res  i n  t h e  p i p e ,  were s e t  up t o  read  t h e  d i f f e r e n t i a l  p res -  
sure  between t h e  t r a n s d u c e r  f a c e  mounted f l u s h  a t  t h e  i n s i d e  s u r f a c e  o f  t h e  
p i p e  and a s t a t i c  p r e s s u r e  t a p  p l a c e d  i n  t h e  p i p e  near  t h e  t r a n s d u c e r  f a c e .  A 
l o n g  l e n g t h  of t u b i n g  was connected between t h e  t r a n s d u c e r  r e f e r e n c e  s i d e  and 
t h e  s t a t i c  t a p  t h u s  damping t h e  dynamic p r e s s u r e  component coming from t h e  
t a p ,  f i g u r e  5. 

The t ransducers  were i n s t a l l e d  i n  p a i r s  spaced a h a l f  p i p e  d iamete r  a p a r t  
a l o n g  t h e  p i p e  a x i a l  d i r e c t i o n ,  f i g u r e  4 .  P a i r s  o f  t r a n s d u c e r s  were i n s t a l l e d  
a t  two a x i a l  l o c a t i o n s  i n  t h e  p i p e ,  one p a i r  ups t ream o f  t h e  v a l v e  and t h e  
o t h e r  downstream of t h e  v a l v e .  The f i rst  t r a n s d u c e r  i n  each p a i r  i s  p l a c e d  a t  
one p i p e  d iamete r  from t h e  v a l v e .  

The o u t p u t  from t h e  p ressu re  t r a n s d u c e r  was passed th rough  a s i g n a l  con- 
d i t i o n e r  and t h e n  t o  a l i n e a r  a m p l i f i e r .  To e l i m i n a t e  e l e c t r i c a l  n o i s e  i n  t h e  
s i g n a l  a 10 kHz low pass f i l t e r  was used a t  t h e  a m p l i f i e r .  T h e r e f o r e ,  a l l  o f  
t h e  t r a n s d u c e r  d a t a  i s  l i m i t e d  t o  f r e q u e n c i e s  a t  or below 10 kHz. The o u t p u t  
from t h e  t ransducer  a m p l i f i e r s  were reco rded  on  FM tape  fo r  o f f  l i n e  d a t a  
r e d u c t i o n .  

DATA REDUCTION 

Aerodynamic 

The aerodynamic d a t a  was reco rded  u s i n g  t h e  c e n t r a l  d a t a  p r o c e s s i n g  
f a c i l i t y  l o c a t e d  a t  NASA Lewis for p o s t  r u n  computer p r o c e s s i n g .  A computer 
l o c a t e d  a t  t h i s  f a c i l i t y  l a t e r  reduced t h e  d a t a  t o  e n g i n e e r i n g  u n i t s  and p ro -  
duced t h e  r e q u i r e d  o u t p u t .  Mass f low r a t e s  were c a l c u l a t e d  as was t h e  v a l v e  
p r e s s u r e  r a t i o .  Tab le  I l i s t  t h e  r e a d i n g  numbers, v a l v e  p r e s s u r e  r a t i o s ,  and 
ups t ream t o t a l  p r e s s u r e  and mass f low r a t e .  

&oust i c 

The a c o u s t i c  d a t a  was r e c o r d e d  on FM tape  f o r  p o s t  r u n  a n a l y s i s .  Spec- 
t r a l  a n a l y s i s  was performed on a Rockland t h i r d  o c t a v e  a n a l y z e r  and t r a n s m i t t e d  
to  t h e  c e n t r a l  d a t a  p r o c e s s i n g  f a c i l i t y  f o r  computer p r o c e s s i n g .  
o c t a v e  and o v e r a l l  sound p r e s s u r e  l e v e l  d a t a  were processed and t a b u l a t e d  u s i n g  
an e x i s t i n g  a c o u s t i c  d a t a  r e d u c t i o n  program. 
s p e c t r a  a r e  shown i n  t h e  appendix f o r  r e c o r d  purposes .  The o v e r a l l  sound p res -  
su re  l e v e l  (OASPL) d a t a  a r e  t a b u l a t e d  i n  t a b l e  I1 a l o n g  w i t h  t h e  r e a d i n g  num- 
b e r s  and n o z z l e  p r e s s u r e  r a t i o s .  

The t h i r d  

Plots o f  a l l  t h e  t h i r d  o c t a v e  

EXPERIMENTAL PROCEDURE 

The 
was as fo l lows. 
a n g u l a r  p o s i t i o n .  
t h e  ups t ream f low c o n t r o l  v a l v e  so t h a t  t h e  r a t i o  of t h e  t o t a l  p r e s s u r e  ups t ream 

procedure  f o l l o w e d  t o  o b t a i n  t h e  v a l v e  n o i s e  d a t a  p resen ted  h e r e i n  
F i r s t  t h e  v a l v e  was s e t  manua l l y  and l o c k e d  a t  a p rede te rm ined  

Then t h e  mass flow r a t e  th rough  t h e  v a l v e  was a d j u s t e d  u s i n g  
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of  t h e  12 i n .  t e s t  v a l v e  t o  t h e  a tmospher ic  p ressu re  downstream o f  t h e  v a l v e  
equa led  t h e  d e s i r e d  s e t  p o i n t  p ressu re  r a t i o .  A f t e r  t he  flow s t a b i l i z e d  t h e  
a m p l i f i e r  ga ins  fo r  each o f  t h e  t ransducers  were a d j u s t e d  t o  e l i m i n a t e  s i g n a l  
c l i p p i n g  b u t  i n s u r e  adequate s i g n a l  a t  t h e  tape r e c o r d e r  i n p u t .  The g a i n s  were 
then  reco rded  manua l l y  and a 2 min  r e c o r d i n g  o f  t h e  s i g n a l s  was made f o r  p o s t  
r u n  a n a l y s i s  purposes .  T h i s  p rocedure  was f o l l o w e d  for v a l v e  angu la r  p o s i t i o n s  
o f  30", 37.5" ,  45" ,  52.5",  60",  75" and 90" w i t h  nominal  v a l v e  p r e s s u r e  r a t i o s  
c o v e r i n g  t h e  range o f  1 .4 ,  1 .8 ,  2 . 0 ,  2 . 4 ,  and 2 .8 .  Va lve  angu la r  p o s i t i o n s  
l e s s  t han  30" were p r o h i b i t e d  due t o  geomet r ic  r e s t r i c t i o n  on t h e  v a l v e  a d j u s t -  
ment mechanism. 

RESULTS AND DISCUSSION 

O v e r a l l  Sound Pressure  Leve l  

The o v e r a l l  sound p r e s s u r e  l e v e l  i s  shown i n  f i g u r e  6 as a f u n c t i o n  o f  
v a l v e  a n g u l a r  p o s i t i o n  f o r  each o f  the  v a l v e  p ressu re  r a t i o s  s e t  d u r i n g  these 
t e s t s .  F i g u r e s  6 ( a >  t o  ( d )  show t h e  OASPL f o r  t r a n s d u c e r  numbers 1 t o  4 
r e s p e c t i v e l y .  
s t a r t s  a t  a r e l a t i v e l y  low l e v e l  and inc reases  t o  a maximum o f  156 dB between 
t h e  50" and 60" v a l v e  p o s i t i o n s  and then  decreased. Downstream o f  t h e  v a l v e ,  
f i g u r e s  6 ( c )  and ( d >  t h e  OASPL a t  30" s t a r t s  a t  a r e l a t i v e l y  h i g h  l e v e l  and 
peaks 180 dB a t  a n g u l a r  p o s i t i o n  l e s s  than  60". The genera l  c o n c l u s i o n  i s  t h a t  
t h e  o v e r a l l  sound p r e s s u r e  l e v e l  f o r  t h i s  t e s t  v a l v e  reaches a maximum a t  a 
midrange v a l v e  a n g u l a r  p o s i t i o n  and f a l l s  o f f  on e i t h e r  s i d e  o f  t h i s  maximum. 

A t  t h e  ups t ream l o c a t i o n s ,  f i g u r e s  6 (a>  and ( b >  t h e  OASPL a t  30" 

To compare t h e  ups t ream t o  t h e  downstream o v e r a l l  sound p r e s s u r e  l e v e l s  
t h e  OASPL were p l o t t e d  a t  these l o c a t i o n s  as a f u n c t i o n  o f  v a l v e  a n g u l a r  p o s i -  
t i o n ,  f i g u r e  7 .  The d a t a  a r e  shown f o r  nominal v a l v e  p ressu re  r a t i o s  o f  1.4, 
1 .8 ,  2.0, 2 . 4  and 2 . 8  i n  f i g u r e s  7 ( a >  t o  ( e ) ,  r e s p e c t i v e l y  . The downstream 
OASPL a r e  a lways  s i g n i f i c a n t l y  h i g h e r  than  t h e  upstream l e v e l s  excep t  when t h e  
v a l v e  i s  c o m p l e t e l y  open. T h i s  i s  t h e  r e s u l t  of t h e  n o i s e  b e i n g  genera ted  i n  
t h e  r e g i o n  downstream o f  t h e  b u t t e r f l y  d i s c  where t h e  f low separa tes  c r e a t i n g  
t u r b u l e n c e  and thus  g e n e r a t i n g  n o i s e  t h a t  i s  s i m i l a r  to  t h a t  genera ted  by  a 
j e t  i n  i t s  shear l a y e r .  As t h e  v a l v e  i s  opened t h e  s i z e  o f  t h e  separa ted  
r e g i o n  downstream o f  t h e  v a l v e  d i s c  decreases and t h e  n o i s e  d i m i n i s h e s .  W i th  
t h e  v a l v e  a t  t h e  f u l l y  open p o s i t i o n ,  96", t h e  separa ted  r e g i o n  m in im izes  and 
t h e  downstream n o i s e  approaches t h e  ups t ream l e v e l s .  

For comparison a p l o t  h a v i n g  t h e  same parameters as f i g u r e  7 b u t  for a 
54 i n .  b u t t e r f l y  v a l v e  used t o  c o n t r o l  t h e  f low from t h e  NASA Lewis Research 
C e n t e r ' s  8- by  6-Foot Superson ic  Wind Tunnel plenum chamber i s  shown i n  f i g -  
u r e  8 .  The d a t a  were taken  from r e f e r e n c e  1 .  Comparison of t h e  downstream 
OASPL, t r a n s d u c e r  numbers 1 and 2 t o  t h e  ups t ream t ransducer  numbers 3 and 4 
show t h e  same t r e n d s  as t h e  c u r r e n t  t e s t  d a t a .  Transducer numbers 5 and 6 were 
microphones p l a c e d  i n  t h e  plenum chamber ups t ream of t h e  p i p e  b e l l m o u t h  and 
e x h i b i t  t h e  same shape as t h e  i n t e r n a l  p i p e  t r a n s d u c e r s .  The l e v e l  i s  lower  
due to  t h e  s p h e r i c a l  sp read ing  o f  t h e  sound waves as they  l e a v e  t h e  b e l l m o u t h .  

F i g u r e  7 ( e >  shows t h a t  maximum n o i s e  l e v e l s  i n  the  p i p e  downstream o f  
t h e  v a l v e  can reach  180 dB. S t e e l  p i p e  w i t h  w a l l  t h i c k n e s s  on t h e  o r d e r  o f  a 
q u a r t e r  i n c h  a r e  expec ted  t o  cause a t r a n s m i s s i o n  loss o f  about  20 dB. S ince  
t h e  p i p e  w a l l  i s  h a l f  t h i s  t h i c k n e s s  i t s  mass w i l l  n o t  produce as much a t tenua-  
t i o n .  Thus, t h e  l e v e l  i n  t h e  fuse lage  from t h e  v a l v e  can be expec ted  t o  be on 
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t h e  o r d e r  o f  160 dB or g r e a t e r .  I f  t h e  f u s e l a g e  i s  cons ide red  t o  be a r e v e r -  
b e r a n t  chamber t h e  p i l o t  w i l l  be exposed t o  t h i s  l e v e l .  I f  t h e  p i l o t ' s  he lmet  
f u r t h e r  reduces t h e  l e v e l  by  30 d6 t h e  p i l o t  would be exposed t o  130 dB, t h e  
so c a l l e d  t h r e s h o l d  o f  p a i n .  From t h i s  s c e n a r i o  i t  i s  obv ious  t h a t  a c o u s t i c  
t r e a t m e n t  w i l l  be r e q u i r e d  i f  t h i s  v a l v e  c o n f i g u r a t i o n  i s  employed i n  f l i g h t  
hardware. 

One-Third Octave S p e c t r a  

T y p i c a l  s p e c t r a  a r e  shown i n  f i g u r e  9 f o r  t h e  ups t ream and downstream 
t ransducers  a t  a v a l v e  p ressu re  r a t i o  o f  1.4. 
broad-banded maximums between 200 and 1000 Hz. Es t ima tes  o f  peak j e t  n o i s e  
f requency ,  based on  a 1 f t  d iamete r  and a S t r o u h a l  number o f  0.2, 160 Hz, 
(band number 2 2 ) .  I f  t h e  d iameter  i s  assumed t o  be a h a l f  foot  t h e  f requency  
i s  320 Hz (band number 2 5 ) .  These f requenc ies  a r e  on  t h e  o r d e r  of those shown 
i n  f i g u r e  9. S p e c t r a l  w e i g h t i n g  curves  used t o  e v a l u a t e  t h e  s p e c t r a  for t h e  
response o f  t h e  human e a r  decrease t h e  sound p r e s s u r e  l e v e l s  (SPL) below a f r e -  
quency o f  1000 Hz. T h i s  would be a b e n e f i t  t o  t h e  " A "  we igh ted  sound l e v e l .  
However t h e  s p e c t r a  a r e  b road banded and have h i g h  SPL above 1000 Hz so t h a t  
t h e  decrease i s  n o t  expec ted  t o  be s i g n i f i c a n t .  

The downstream s p e c t r a  have 

Upstream o f  t h e  v a l v e  t h e  s p e c t r a  i s  l e s s  smooth w i t h  a peak a t  80 Hz 
(band number 19) and a b road  banded maximum j u s t  above 1000 Hz (band number 
30). 

A t  t h e  h i g h e r  v a l v e  p ressu re  r a t i o s ,  f i g u r e  10, t h e  downstream s p e c t r a  
a g a i n  have b road  banded maximums b u t  peak a t  about  1000 Hz, a h i g h e r  f requency  
t h e n  t h e  low p r e s s u r e  c o n d i t i o n ,  f i g u r e  9. The " A "  w e i g h t i n g  of  t h i s  s p e c t r a  
w i l l  have l i t t l e  a f f e c t  on  t h e  OASPL v a l u e  so t h a t  t h e  v a l u e  o f  t h e  OASPL may 
be assumed equa l  t o  t h e  " A "  we igh ted  sound l e v e l .  

Upstream of t h e  v a l v e  t h e  s p e c t r a  shows a peak t h a t  p r o b a b l y  i s  a tone 
a t  a f requency  of 630 Hz (band number 2 8 ) .  The s p e c t r a  a r e  r e l a t i v e l y  f l a t  
b u t  as i r r e g u l a r  as t h e  low p ressu re  r a t i o  s p e c t r a  shown i n  f i g u r e  9. 

CONCLUDING REMARKS 

D u r i n g  t r a n s i t i o n  from v e r t i c a l  t a k e o f f  t o  normal f l i g h t  h i g h  n o i s e  l e v -  
e l s  can be expec ted  from t h e  t h r u s t  v e c t o r i n g  system. W i t h  n o i s e  l e v e l s  
app roach ing  180 dB i n  t h e  d u c t i n g  system l e a d i n g  t o  t h e  f o r w a r d  end of t h e  
f u s e l a g e  and t h i n  w a l l  d u c t s  t h e  n o i s e  l e v e l  i n  t h e  fuse lage  i s  expec ted  t o  
r e a c h  a t  l e a s t  160 dB. Thus, i t  i s  c l e a r  t h a t  a c o u s t i c  t r e a t m e n t  w i l l  be 
r e q u i r e d  t o  lower  t h e  l e v e l  t o  an a c c e p t a b l e  l e v e l  i n  t h e  c o c k p i t  t o  a v o i d  
i n t e r f e r e n c e  w i t h  p i l o t  communicat ion,  p i l o t  f a t i g u e  and permanent h e a r i n g  
loss prob lems.  

CONCLUSIONS 

Noise l e v e l s  genera ted  by a f l i g h t  w e i g h t ,  12 i n .  b u t t e r f l y  v a l v e  a p p l i -  
c a b l e  t o  a v e r t i c a l  t a k e  o f f  and l a n d i n g  a i r c r a f t  t h r u s t  v e c t o r i n g  c o n t r o l  sys- 
tem were de te rm ined  e x p e r i m e n t a l l y .  The measurements w e r e  t aken  i n  t h e  d u c t  
b o t h  ups t ream and downstream o f  t h e  v a l v e .  
drawn : 

The f o l l o w i n g  c o n c l u s i o n s  a r e  
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1 .  The maximum o v e r a l l  sound p ressu re  l e v e l  i s  genera ted  i n  t h e  d u c t  
downstream o f  t h e  v a l v e  and reached a v a l u e  o f  180 dB a t  a n o z z l e  p r e s s u r e  
r a t i o  o f  2 . 8 .  

2 .  A t  t h e  h i g h e r  v a l v e  p r e s s u r e  r a t i o s  t h e  s p e c t r a  downstream of t h e  
v a l v e  i s  b road banded w i t h  i t s  maximum a t  1000 Hz. 

3 .  The maximum o v e r a l l  sound p ressu re  l e v e l  genera ted  upstream o f  t h e  
v a l v e  reached 156 dB a t  a n o z z l e  p ressu re  r a t i o  o f  2 .8 .  

4 .  A t  t h e  h i g h e r  v a l v e  p r e s s u r e  r a t i o s  t h e  upstream s p e c t r a  a r e  b road  
banded w i t h  an apparen t  t one  b e i n g  genera ted  a t  t h e  630 Hz t h i r d  o c t a v e  f i l t e r  
band. 

5 .  The o v e r a l l  sound p r e s s u r e  l e v e l  for t h i s  t e s t  v a l v e  reaches a maximum 
a t  a mid  range v a l v e  a n g u l a r  p o s i t i o n  and f a l l s  o f f  on e i t h e r  s i d e  o f  t h i s  
maximum. 

REFERENCE 

1 .  H u f f ,  Ronald G . :  No ise  Generated by  Flow Through Large B u t t e r f l y  V a l v e s .  
NASA TM-88911, 1987. 
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TABLE I .  - POWERED L I F T  F A C I L I T Y  AERODYNAMIC DATA FOR THE 

R e a d  i ng V a l v e  
n u m b e r  angu 1 a r  

p o s i t i o n ,  
d e g  

487 
488 
48'3 
4'30 
491 
434 
4'35 
496 
497 
498 
501 
502 
503 
504 
505 
508 
509 
510 
511 
512 
515 
516 
517 
518 
5 1 3 
522 
523 
524 

!E1 26 
5213 
530 
531 
532 
533 

c-c 
ULJ 

30 
30 
30 
30 
SO 

37.5 
37.5 
37.5 
37.5 
37.5 
45 
45 
45 
45 
45 

52.5 
52.5 
52. 5 
52.5 
dL. 5 
60 
60 
60 
60 
60 
7 5  
7 5  
75 
75 
75 
90 
90 
90 
90 
90 

E .7 

1 2 - I N .  VALVE 

V a l v e  
p r e s  s u r e  

r a t i o  

2.77 
2.36 
1.9 
1.77 
1.37 
2.77 
2.41 
1.99 
1. 70 
1. 36 
2.77 
2. 41 
1.97 
i. 81 
1.38 
2.84 
2.39 
1.98 
1.81 
1. . 4 

2.79 
2.41 
1.99 
1.79 
1.42 
2.79 
2.43 

2 
1. 78 
1.38 
2.82 
2.39 
1.01 
1.81 
1. 41 

N O I S E  TEST 

V a l  v e  
u p s t r e a m  

t o t a l  
p r e s s u r e  , 

p s i  

39.27 
33.79 
26. '35 
25.15 
19.47 
35.35 
54.19 
28.22 
25.29 
19.26 
39.39 
34.18 
27.55 
25.64 
19.61 
40.33 
33.88 
20.15 
25. ss 
19.93 
39.58 
34.19 
28. 27 
2s. 3'3 
20. 16 
3'3. bB 
34.47 
26.47 
25.32 
19. CG 
35. '39 
33.55 
28. 53 
25.76 
20.013 

M a s s  f l o w  
r a t e  , 
1 b / s  

13.26 
11.13 
11.13 
0. 4 2  
5.03 

19. 53 
16.83 
13. h3 
11.75 
7. 69 
27.15 
23. 27 

16.41 
10.66 
34.0 

28.64 
23 

20.46 
13. bl 
3'3.13 
32.93 
26.41 
23.03 
15. b8 
42.59 
37.29 
29. 66 
25.42 
16.72 
45.17 
5". 62 
30. "39 
26.73 
17.91 

i a .  3s 
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TABLE 11. - OVERALL SOUND PRESSURE LEVEL DATA 
12-IN. VALVE N O I S E  TESTS 

Reading Trans 1 Trans 2 Trans 3 Trans 4 
number 

O v e r a l l  sound p r e s s u r e  l e v e l ,  dB r e f .  20 pN/m2 

145. a 
144. 
142. 1 
142.2 
140. G 
149.3 
148.1 
14 5 .  '3 
146.1 
142. El 

153.5 
1!53 

140.6 
145.4 
155.2 
154. s 
151.7 
150.9 
147. 3 
15r .  9 
154. 3 
1'32.9 
150.3 
147.5 
154 .7  
153.5 

149.4 
136. z 
153.8 
151. '7 
143.7 
14'3.4 

1 4 6  

148.6 

151. a 

144.3  
144.2 
141.7 
141. G 
140. 1 
1 4 9 . 2  
148. S 
145.7  
145.4 
142 

150.7 
149.7 

148. 5 
144.2 
154.4 
153.7 
151.3 
150.1 
146.4 
155.8 
154.4 
152.3 
143.8 
146. '3 
154.2 
i53. 1 
1%. L 
148.5 
145.9 
151.9 
15G. 7 
14A. 2 
147. 4 
144.4 

1 4 8 . 4  

1G2.2 
: 4 7 .  4 
1C4. 5 
1L4. 1 
165.8 
- .  3. a i  

1.7;. a 
1 (. 8 . '7 

I G 3 .  4 
174. '3 
174.4 
172.5 
171.7 
1G5. 5 
i?Z. 8 
174.4 
173.2 
172. 1 
167.3 
174.2 
1'7 2. e$ 
170. c 
16G. '3 
1 fJ 3 . f; 
164. 4 
1GL':. G 
16i. 4 
12.9. 1 
153.9 
149. 1 
145.7 
144.5 
144.2 
141. 1 

, ...,..~ 

167. LJ 

271;. 9 
175. 1 

173 
172.2 
174.3 
17'3.7 
:70.2 
174. 7 
1-73. 4 
1CG.5 
17'. 5 

17C 
171.3 

171 
16.1 

173.1 
171.8 
163. 2 
lh?. 9 
161.5 
167.6 
165. 6 
114.3 
163.3 
156. !7 

162. ti 
l ( t 1  

157.7 
156.3 
150.4 
153.7 
147.2 
145.0 
i45.2 
142.1 
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APPENDIX A 

1 2 - I N .  VALVE 1 / 3  OCTAVE SPECTRAL DATA PLOTS 
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( A )  TRANSDUCER NUMBER 1. UPSTREM. 

FIGURE 6 .  - COMPARISON OF OVERALL SOUND PRESSURE LEVEL AT EACH OF THE TRANS- 
DUCER LOCATIONS AS A FUNCTION OF VALVE ANGULAR POSITION AND VALVE PRESSURE 
RATIO. 
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( B )  TRANSDUCER NUMBER 2 .  UPSTREAM. 

FIGURE 6 .  - CONTINUED. 
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( C )  TRANSDUCER NURsER 3 .  DOWNSTREM. 

FIGURC 6 .  - CONTINUED. 
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( D )  TRANSDUCER NUNBER 4. DOWNSTREAM. 

FIGURE 6.  - CONCLUDED. 
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FIGURE 7 .  - CONTINUED. 

ORIGINAL PAGE IS 
OF POOR QUALm 

50 



ORIGCfdAL PAGE IS 
OF POOR QUALITY 

', 

\,75 - 

b -  
i 

2 
1 165 - 
0 N 

IL 2 160 - 
m U 

; 155 - 
n 
2 
0 

150 - 

145 - 

1 1 0  - 
174 - 
172 - 
170 - 
168 - 
166 - 

? 164 - 
162 - 
160 - 

N 

L 

0 N 

5 158 - TRANSDUCER 
156 - NURBER 

. 154 - UPSTREAM 
+ 2 UPSTREAM a 152 - 

4 0 3 DOWNSTREAM 0 150 - 
A 4 DOWNSTREAM 148 - 

146 - 
144 - 
142 - 
140 I I I I I I I 1 

nz 

U 

2 

0 20 40 60 80 

VALVE POS1710N. DEG 

(C) VALVE PRESSURE RATIO 2.0. 

FIGURE 7. - CONTINUED. 
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